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INTRODUCTION 

The A1 aska Department of Fish and Game has routinely collected herring for age, 
weight, and length analysis since the beginning of the Prince William Sound 
spring sac roe fishery in 1973. Sandone (1988a, 1988b, 1988~). and Sandone et 
al. (1988) compiled summaries of these observations for 1973 through 1987. In 
this paper we further analyze this information, fitting von Bertalanffy growth 
curves to the length at age and weight at age information, and fitting an 
allometric model to the weight-length information. 

METHODS 

Samples of Pacific herring were collected for age, weight, length, and sex 
analysis from each sac roe purse seine and gill net fishery opening in each 
management di strict from 1973 through 1987. Approximately 300 fi sh per opening 
were collected for each gear type from 1973 through 1984, and approximately 600 
fish per opening were collected for each gear type from 1985 through 1987. In 
addition to the catch samples from commercial openings, herring were collected 
from test fishing samples by commercial vessels prior to commerci a1 openings. 
Some herring were a1 so collected by the A1 aska Department of Fish and Game using 
test fishing gear. Data collected from these samples included the sex, standard 
length (mm), round weight (g) and age of individual specimens. Ages were 
determined from scales read under magnification on mi cro-f iche readers. Detai 1 ed 
descriptions of sample collection methods, and data summaries of age, sex, and 
size are given by Sandone (1988a) for the 1973 through 1983 information and by 
Sandone (1988b) for 1984 through 1987. 

Catch samples from the commercial pound fishery were excluded from the growth 
analyses because specimens obtained in pound fishery samples often had at least 
partial ly spawned. Specimens obtained from purse seine, gil lnet and test fishing 
gear were usually in a reproductive "ripe" condition, but had not yet spawned. 
Excluding the pound fishery samples provided a more consistent criteria for 
specifying weight at age as the round body weight of whole herring just prior 
to spawning. 

Mean lengths (Table 1) and mean weights (Table 2) were estimated for each age 
in each harvest year by taking the arithmetic mean of all fish in the samples 
of each age in each year. A von Bertalanffy growth model was used to describe 
length (L) as a function of age ( t )  : 

Parameters L,, K ,  and to were estimated using Marquardt's method of nonlinear 
least squares, weighting each annual mean length at age by the sample size. An 
a1 lometric weight-length model was used to describe the re1 ationship between 



l e n g t h  (L) and weight  (W): 

Parameters a and b were a l so  est imated us ing  Marquardt's method o f  non l inear  
l e a s t  squares, we igh t ing  by sample s ize .  The a1 l o m e t r i c  we igh t - l eng th  model ( 2 )  
and t h e  von B e r t a l a n f f y  l eng th  a t  age model (1) were a l g e b r a i c a l l y  combined t o  
d e r i v e  a von B e r t a l a n f f y  model o f  weight a t  age, W(t): 

where a ~ , ~  i s  equ iva len t  t o  t he  convent ional  von B e r t a l a n f f y  model asymptot ic 
weight a t  age W,. 

RESULTS AND DISCUSSION 

The von B e r t a l a n f f y  model l e n g t h  a t  age model, equat ion ( I ) ,  w i t h  est imated 
parameters L, = 239.31, K = 0.293, and to = -1.689 prov ides a reasonable 
d e s c r i p t i o n  o f  Pr ince  Wi l l i am Sound h e r r i n g  l e n g t h  a t  age over t he  p e r i o d  1973- 
1987 (F igure 1).  The tendency f o r  t he  v a r i a b i l i t y  o f  l e n g t h  a t  age t o  increase 
w i t h  age was a t  l e a s t  p a r t i a l l y  compensated by the  we igh t ing  o f  t he  mean lengths  
a t  age by sample s i ze .  Sample s izes  f o r  o lder ,  l a r g e r  f i s h  were smal le r  than 
f o r  younger f i s h ,  which i n  t h i s  case would be approximately equ iva len t  t o  
we igh t ing  by t h e  inverse  o f  t he  var iance o f  l e n g t h  a t  each age, which i s  one o f  
t h e  methods f o r  dea l i ng  w i t h  t h i s  problem when es t ima t ing  parameters by l e a s t  
squares. 

The we igh t - length  model w i t h  parameters a = 5.007.10-~ and b = 3.196 prov ides a 
good d e s c r i p t i o n  o f  t h e  we igh t - length  re1  a t i onsh ip  (F igure  2). The von 
B e r t a l a n f f y  asymptot ic weight parameter W, est imated from t h e  a lgeb ra i c  
combinat ion o f  equat ion (1) and equat ion (2) i s  200.943. There i s  considerably 
more v a r i a b i l i t y  i n  t he  mean weight a t  age observat ions (F igure  3) ,  bu t  t he  von 
B e r t a l a n f f y  weight  a t  age model a l g e b r a i c a l l y  der ived from the  l e n g t h  a t  age and 
a l l o m e t r i c  we igh t - length  models appears t o  p rov ide  a reasonable d e s c r i p t i o n  o f  
weight  a t  age. 

These growth curves descr ibe average cond i t i ons  over  t he  1973 through 1987 
per iod.  Because sample s izes  were 1 arger  i n  recent  years and mean leng ths  and 
weights a t  age were weighted by sample s ize,  t h e  growth curves would tend t o  
descr ibe recent  growth cond i t i ons  more c l o s e l y  than e a r l i e r  growth cond i t ions ,  
i f  growth had changed over t he  per iod.  
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Table 1. Mean standard length (mm) for Pacific herring from Prince William 
Sound age-weight-length samples from commerci a1 and test fishing 
samples, 1973 through 1987. 

Year 2 3 4 5 6 7 8 9 10 11 12 13 

Mean 150 178 192 206 216 222 226 230 235 229 228 230 



Table 2. Mean round weights (g) for Pacific herring from Prince Will iam Sound 
age-weight-length samples from commercial and test fishing samples for 
1973 through 1987. 

Year 2 3 4 5 6  7 8 9  10 1 1 1 2  13 

Average: 43 74 95 118 138 149 162 170 191 179 192 173 



Figure 1. Prince Will i am Sound herring length-age re1 ationship, using combined 
commercial and test fishing samples for each year, 1973 through 1987, 
and the von Bertal anffy 1 ength-age growth model estimated by weighted 
nonl i near 1 east squares. 



Figure 2. Prince Will i am Sound herring length-weight re1 ationshi p, using annual 
mean length and weight at each age from combined commercial and test 
fishing samples for each year, 1973 through 1987, and the allometric 
model estimated from nonlinear least squares, weighted by the sample 
size at each age and year. 
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Figure 3. Prince Wi 1 1  iam Sound herring weight-age re1 ationship, using combined 
commercial and test fishing samples for each year, 1973 through 1987, 
and the von Bertal anffy weight-age model estimated by algebrai cal ly 
combining length-age and length-weight re1 ationships. 
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